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Description 

FIELD OF THE INVENTION 

The present invention relates to an interworking 
apparatus for roaming among different mobile networks. 
Particularly, the present invention relates to an inter- 
working apparatus for roaming among a plurality of 
mobile networks having different inter-network signaling 
protocols, respectively The apparatus traces a position 
of a mobile station whtcn intends to access (roam) to a 
visited network with an inter -network signaling protocol 
different from that in the home network by relating, on 
database records in the interworking apparatus, sub- 
scriber numbers and tei mmai identities which are differ- 
ent for the respective networks. 

DESCRIPTION OF THE RELATED ART 



In the conventional mobile networks, subscriber 
numbers are determined tor identifying users of mobile 
networks using the same inter -network signaling proto- 
col and terminal identities are determined for identifying 
terminals- 

The terminal identity and the subscriber number 
are used, in the conventional mobile networks, for regis- 
tering a location of the mobile station, for originating a 
call from the mobile station and for terminating a call to 
the mobile station. The terminal identity and the sub- 
scriber number are also used for roaming between 
mobile networks having the same inter-network signal- 
ing protocol. 

Location registration of a roaming subscriber and 
call termination to a roaming subscriber in a mobile net- 
work in which intra/inter-network signaling protocol of 
PDC (Personal Digital Cellular) is adopted will be per- 
formed as follows. 

In the PDC network, a database of HLR (Home 
Location Register) tor managing subscribers and termi- 
nals registered in this PDC network as a home network 
and a database of GLR (Gateway Location Register) for 
managing roaming subscribers and terminals visiting to 
this PDC network from another PDC networks are pro- 
vided. 

Namely, in case that there are first and second PDC 
networks, when a subscriber of the first PDC network 
registers its location to the visited second PDC network, 
a network identity of the second PDC network is stored 
in a database record for network identities of visited net- 
works in the HLR of the first PDC network. Furthermore, 
a subscriber number of this roaming subscriber is 
stored in a database record for roaming subscriber 
numbers in the GLR of the second PDC network, and 
also a location area identity of this roaming subscriber is 
stored in a database record for location area identities 
of visited networks in the GLR of the second PDC net- 
work. 

To call the roaming subscriber, its subscriber 
number (phone number) is dialed. Since it can be 



judged from the dialed subscriber number that the home 
network of the called roaming subscriber is the first 
PDC network, the database record for network identities 
of visited networks at the subscriber number in the HLR 
5 of the first PDC network is retrieved. As a result, the 
stored network identity of the visited network is read out 
and thus it can be judged that the visited network of the 
called subscriber is the second PDC network. Then, the 
database record for location area identities of visited 
10 networks in the GLR of the second PDC network is 
retrieved to read out the stored location area identity of 
this called subscriber. Since both the visited network of 
the called subscriber (the second PDC network) and the 
location area identity of the visited network are 
75 revealed, a location of the called subscriber can be 
traced and a traffic channel will be established in 
accordance with the traced result. 

Location registration of a roaming subscriber and 
call termination to a roaming subscriber in a mobile net- 
20 work in which intra/inter-network signaling protocol of 
jGSM (Global System for Mobile Communications) is 
adopted will be carried out with the similar sequence as 
that in the PDC networks. However, in the GSM re- 
work a database of VLR (Visitor Location Reqisw) 
25 which is different from the GLR in the PDC network is 
used. Also, in the GSM network, treatment of subscriber 
numbers and terminal identities and various signaling 
protocols are different from these in the PDC network 
The intra/inter-network signaling protocol of PDC is 
so described in "MOBILE APPLICATION PART (MAP) 
SIGNALING SYSTEM of Digital Mobile Communica- 
tions Network, inter-node Interlace (DMNl) for PDC 
issued by The Telecommunication Technology Commit- 
tee 1995 in detail. The intra/inter-network signaling 
35 protocol of GSM is described in European Telecommu- 
nication Standard. FINAL DRAFT prETS 300 599, 
"European digital cellular telecommunications system 
(Phase 2), Mobile Application Part (MAP) specification" 
(GSM 09.02) issued by European Telecommunications 
40 Standards Institute, November 1994. in detail. 

The mobile station may be realized by inserting a 
removable IC device such as an IC card or IC chip into 
a terminal. 

As described herein before, in the conventional 
45 mobile networks, roaming can be realized only among 
mobile networks using the same inter-network signaling 
protocol. In other words, roaming among mobile net- 
works having different inter-network signaling protocols, 
for example roaming between the GSM network and the 
so PDC network cannot be expected. 



SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
55 provide an interworking apparatus which can realize 
roaming among a plurality of mobile networks having 
different inter-network signaling protocols, respectively. 

According to the present invention, an interworking 
apparatus for roaming among a plurality of mobile net- 
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works having different inter-network signaling protocols 
is provided. This apparatus is connected to the plurality 
of mobile networks and has a database record for hold- 
ing network identity information for identifying a mobile 
network visited by at least a mobile user (a mobile sta- 5 
tion or another mobile terminal, such as an IC device) to 
be traced. 

It is preferred that the apparatus further has a data- 
base record for holding location area identity informa- 
tion for identifying a location area of the mobile user in 70 
the visited mobile network. 

Particularly, according to the present invention, an 
imerworking apparatus for roaming among a plurality of 
mobile networks including a first mobile network having 
a first inter -network signaling protocol which uses a sub- 15 
scriber number PM1 for identifying a subscriber and a 
terminal identity TM1 for identifying a terminal, and a 
second mobile network having a second inter-network 
signaling protocol which is different from the first inter- 
network signaling protocol and uses a terminal identity 20 
TM2 for identifying a terminal is provided. The appara- 
tus is connected to the first and second mobile networks 
and has a subscriber number database record for hold- 
ing the subscriber number PM1, and a unit for storing 
the terminal identity TM2 of a mobile user visiting from 25 
the second mobile network to the first mobile network 
into the subscriber number database record. The visit- 
ing mobile user is traced in the first mobile network by 
using the terminal identity TM2 stored in the subscriber 
number database record. 30 

The terminal identity TM2 is stored in the PM data- 
base record for storing the subscriber number PM1. 
Thus, the visiting mobile user which is now visiting from 
its home mobile network to the first mobile network 
using different signaling protocol as that of the home 35 
network can be traced and thus roaming operations 
among these different networks can be realized. 

In this case, it is preferred that the apparatus further 
has a database record for holding network identity infor- 
mation for identifying the visited mobile network. 40 

It is also preferred that the apparatus further has a 
database record for holding location area identity infor- 
mation for identifying a location area of the visited 
mobile user in the mobile network. 

Furthermore, according to the present invention, an 45 
interworking apparatus for roaming among a plurality of 
mobile networks including a second mobile network 
having a second inter-network signaling protocol which 
uses a subscriber number PM2 for identifying a sub- 
scriber and a terminal identity TM2 for identifying a ter- so 
mmal. and a third mobile network having a third inter- 
network signaling protocol which is different from the 
second inter-network signaling protocol and uses a sub- 
scriber number PM3 for identifying a subscriber and a 
terminal identity TM3 for identifying a terminal is pro- 55 
vided. The apparatus is connected to the second and 
third mobile networks and has a subscriber number 
database record for holding the subscriber number 
PM3. a terminal identity database record for holding the 



terminal identity TM3, a unit for storing the subscriber 
number PM2 of a mobile user visiting from the second 
mobile network to the third mobile network into the sub- 
scriber number database record, and a unit for storing 
the terminal identity TM2 of the visiting mobile user into 
the terminal identity database record. The visiting 
mobile user is traced in the third mobile network by 
using the subscriber number PM2 stored in the sub- 
scriber number database record and the terminal iden- 
tity TM2 stored in the terminal identity database record. 

The terminal identity TM2 is stored in the TM data- 
base record for storing the terminal identity TM3 and the 
subscriber number PM2 is stored in the PM database 
record for storing the subscriber number PM3. The vis- 
iting mobile user which is now visiting from its home 
mobile network to the third mobile network using differ- 
ent signaling protocol as that of the home network can 
be traced and thus roaming operations among these dif- 
ferent networks can be realized. 

In this case, it is preferred that the apparatus further 
has a database record for holding network identity infor- 
mation for identifying the visited mobile network. 

It is also preferred that the apparatus further has a 
database record for holding location area identity infor- 
mation for identifying a location area of the mobile user 
in the visited mobile network. 

As described above, according to the present 
invention, a roaming among a plurality of mobile net- 
works having different inter-network signaling protocols 
can be realized. 

Particularly, the present invention is effective for a 
roaming among the different mobile networks by using 
an IC device such as an IC card or an IC chip which 
holds subscriber numbers and terminal identities and 
which is considered as a mobile station. It should be 
noted that the roaming cannot be realized between 
mobile networks having different inter-network signaling 
protocols even if the IC device with the subscriber num- 
bers and terminal identities is merely inserted into a 
mobile station of a visited network without using the 
interworking apparatus according to the present inven- 
tion. Namely, by using the interworking apparatus 
according to the present invention, which has database 
records for holding a subscriber number PM, a terminal 
identity TM, a network identity of the visited network and 
a location area identity of the visited network of the IC 
device (mobile station) to be traced, the roaming can be 
realized among the different mobile networks. 

Further objects and advantages of the present 
invention will be apparent from the following description 
of the preferred embodiments of the invention as illus- 
trated in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 constituted by combining Figs. 1A to IC 
shows constitution of an interworking apparatus 
among different mobile networks, and connections 
between the interworking apparatus and first to nth 
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mobile networks having different inter-network sig- 
naling protocols, in a preferred embodiment accord- 
ing to the present invention; 
Fig. 2 shows a TM database record and a PM data- 
base record in a mobile station of which home net- 
work is the first network; 

Fig. 3 shows a TM database record and a PM data- 
base record in a mobile station of which home net- 
work is the second network; 
Fig. 4 constituted by combining Figs. 4A to 4C illus- 
trates functions of the interworking apparatus for 
roaming from the second mobile network to the first 
mobile network; 

Fig. 5 constituted by combining Figs. 5A to 5F illus- 
trates a roaming location registration sequence at a 
roaming from the second mobile network to the f irst 
mobile network, for realizing the functions repre- 
senting in Fig. 4; 

Fig. 6 constituted by combining Figs. 6A to 6C illus- 
trates a call termination sequence to a roaming 
subscriber in a visited first mobile network, for real- 
izing the functions representing in Fig. 4; 
Fig. 7 shows a TM database record and a PM data- 
base record in a mobile station of which home net- 
work is a third mobile network, in an another 
embodiment according to the present invention; 
Fig. 8 constituted by combining Figs. 8A to 8C illus- 
trates functions of the interworking apparatus for 
roaming from the second mobile network to the 
third mobile network; 

Fig. 9 constituted by combining Figs. 9A to 9G illus- 
trates a roaming location registration sequence at a 
roaming from the second mobile network to the 
third mobile network, for realizing the functions rep- 
resenting in Fig. 8; and 

Fig. 10 constituted by combining Figs. 10A to 10D 
illustrates a call termination sequence to a roaming 
subscriber in a visited third mobile network, tor real- 
izing the functions representing in Fig. 8. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



As a preferred embodiment according to the 
present invention, Fig. 1 shows constitution of an inter- 
working apparatus among different mobile networks, 
and connections between the interworking apparatus 
and first to nth mobile networks having inter-network 
signaling protocols different from each other. 

As shown in the figure, a first mobile network 1-1 
having a first inter-network signaling protocol, a second 
mobile network 1-2 having a second inter-network sign- 
aling protocol and a nth mobile network 1-n having 

a nth inter-network signaling protocol are connected to 
an interworking apparatus for roaming among different 
mobile networks 2. The interworking apparatus 2 
includes a first interface 3-1 connected with the first 
mobile network 1-1, a second interface 3-2 connected 
with the second mobile network 1-2 and a nth inter- 



face 3-n connected with the nth mobile network 1-n. 
These interfaces 3-1 to 3-n are connected with an inter- 
working device for protocol conversion 4 in the inter- 
working apparatus 2. The protocol conversion 
5 interworking device 4 has a function of processing the. 
inter-network signaling protocols of the first to nth 
mobile networks 1 -1 to 1 -n and a function of processing 
conversions between these protocols. 

The interworking apparatus 2 is also provided with 

10 a first database file 5-1 tor No. 1 to No.m mobile stations 
whose home network is the first mobile network 1-1, a 
second database file 5-2 for No.i to No.m mobile sta- 
tions whose home network is the second mobile net- 
work 1 -2,..., and a nth database file 5-n for No.i to No.m 

is mobile stations whose home network is the nth mobile 
network 1-n. These database files 5-1 to 5-n are con- 
nected with the protocol conversion interworking device 

4 Each of the database files 5-1 to 5-n has a PM (Per- 
20 sonal Mobility) database record for storing subscriber 

numbers PM of the mobile stations (5-1a, 5-2a 5-na). 

a TM (Terminal Mobility) database record for storing ter- 
minal identities TM of the mobile stations (5-1 b, 5-2b. ; ... 
5-nb) a network identity database record for storing 
25 network identities of the visited network of the mobile 

stations (5-1 c. 5-2c 5-nc). a location area identity 

database record for storing location area identities of 
the visited network of the mobile stations (5-1d. 5-2d.... 
5-nd) and a RPM (Roaming Personal Mobility) data- 
30 base 'record for storing visited subscriber numbers of 

the mobile stations (5-1 e, 5-2e 5-ne). 

PM of the PM database record means a subscriber 
number PM in the visited network. Namely, a subscriber 
number or a terminal identity stored in the PM database 

35 record (5-la, 5-2a 5-na) is treated as a subscriber 

number defined in the visited network. Similar to this, 
TM of the TM database record means a terminal identity 
TM in the visited network. Namely, a terminal identity or 
a subscriber number stored in the TM database record 

40 (5-1 b, 5-2b 5-nb) is treated as a terminal identity 

defined in the visited network. 

For example, in case that a mobile station of which 
home network is the second mobile network 1-2 using 
subscriber numbers PM2 and terminal identities TM2 
45 visits to the first mobile network 1-1 using subscriber 
numbers PM1 and terminal identities TM1 . the PM data- 
base record 5-2a in the second database file 5-2 for 
mobile stations whose home network is the second 
mobile network 1-2 is considered as the PM database 
so record 5-1 a in the first database file 5-1. If .a. terminal 
identity TM2 is stored in the PM database record 5-2a, 
the terminal identity TM2 is treated as a subscriber 
number PM1 in the mobile network 1-1. This function 
will be described in this embodiment with refemng Figs. 

55 2 to 6 in detail. 

For example, in case that a mobile station of which 
home network is the second mobile network 1-2 using 
subscriber numbers PM2 and terminal identities TM2 
visits to a third mobile network 1-3 using subscriber 
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numbers PM3 and terminal identities TM3, the TM data- 
base record 5-2b in the second database file 5-2 for 
mobile stations whose home network is the second 
mobile network 1-2 is considered as a TM database 
record 5-3b in the third database file 5-3. If a terminal 
identity TM2 is stored in the TM database record 5-2b, 
the terminal identity TM2 is treated as a terminal identity 
TM3 in the mobile network 1-3. This function will be 
described in an another embodiment with referring Figs. 
7 to 10 in detail. 

Each of the network identity database records 5-1 c, 
5-2c 5-nc stores a network identity of the visited net- 
work of the mobile stations. For example, if a network 
identity of the first mobile network 1-1 is stored therein, 
it will be understood that the corresponding mobile sta- 
tion is now visiting to the first mobile network 1-1. 

Each of the location area identity database records 
5-1d. 5-2d,..., 5-nd stores location area identities of the 
visited network of the mobile stations. 

Each of the RPM database records 5-1 e, 5-2e,..., 5- 
ne stores visited subscriber numbers of the mobile sta- 
tions. 

It should be noted that all of the PM database 
records 5- 1a, 5-2a,..., 5-na, the TM database records 5- 

1b. 5-2b 5-nb, the network identity database records 

5-1 c. 5-2c 5-nc. the location area identity database 

records 5-1 d. 5-2d 5-nd. and the RPM database 

records 5-ie. 5-2e 5-ne are not always used, but 

some of them may be selectively used depending upon 
an inter -network signaling protocol in the visited net- 
work. For example, the location area identity database 

records 5-1d, 5-2d 5-nd will not be used when mobile 

stations visit to a mobile network adopting an inter-net- 
work signaling protocol in which no location area iden- 
tity is transmitted between the networks. 

Fig. 2 shows a TM database record and a PM data- 
base record in a mobile station of which home network 
is the first mobile network. A terminal identity TM1 and 
a subscriber number PM1 of the mobile network 1 -1 are 
stored into the TM database record and the PM data- 
base record, respectively. 

As shown in Fig. 2. the mobile station 20 has a first 
mobile network IC device 21 and a TM database record 
22. The IC device 21 is provided with a PM database 
record 23. In the TM database record 22, the terminal 
identity TM1 of the first mobile network 1-1 is stored. In 
the PM database record 23, the subscriber number 
PM1 of the first mobile network 1-1 is stored. The IC 
device 21 may be constituted by an IC card or by an IC 
chip. This IC device 21 may be freely removed from the 
mobile station 20 and inserted into an another mobile 
station or terminal. An example of the first mobile net- 
work 1-1 in which the terminal identity TM1 and the sub- 
scriber number PMl are stored in the mobile station 20. 
as shown in Fig. 2. may be the aforementioned PDC 
network. 

Fig. 3 shows a TM database record and a PM data- 
base record in a mobile station of which home network 
is the second network. A terminal identity TM2 and a 



subscriber number PM2 of the second mobile network 
1-2 are stored into the TM database record and the PM 
database record, respectively. 

As shown in Fig. 3. the mobile station 30 has a sec- 

5 ond mobile network IC device 31. The IC device 31 is 
provided with a TM database record 32 and a PM data- 
base record 33. In the TM database record 32, the ter- 
minal identity TM2 of the second mobile network 1-2 is 
stored. In the PM database record 33, the subscriber 

io number PM2 of the second mobile network 1-2 is 
stored. The IC device 31 may be constituted by an IC 
card or by an IC chip. This IC device 31 may be freely 
removed from the mobile station 30 and inserted into an 
another mobile station or terminal. An example of the 

75 second mobile network 1 -2 in which the terminal identity 
TM2 and the subscriber number PM2 are stored in the 
mobile station 30, as shown in Fig. 3, may be the afore- 
mentioned GSM network. 

Fig. 4 illustrates functions of the interworking appa- 

20 ratus for roaming from the second mobile network 1 -2 to 
the first mobile network 1-1 by inserting the second 
mobile network IC device 31 of the mobile station 30 
into the mobile station 20 shown in Figs. 2 and 3. 

It is supposed that the first mobile network 1-1 

25 requires the subscriber number PM1 in order to trace 
the first mobile network IC device and that the second 
mobile network 1-2 requires the terminal identity TM2 in 
order to trace the second mobile network IC device 31 . 
The TM database record 32 of the second mobile 

30 network IC device 31 inserted into the mobile station 20 
is considered as the PM database record of the first 
mobile network IC device. If a terminal identity TM2 is 
stored in the TM database record 32, this terminal iden- 
tity TM2 is treated as a subscriber number PMl in the 

35 mobile network 1-1. 

In a PM1 database record for the subscriber 
number 40 transmitted from the mobile station 20 to the 
interworking apparatus 2 using the first inter-network 
signaling protocol for the first mobile network 1-1. the 

40 terminal identity TM2 is stored. If the PMl database 
record 40 is called as a capsule, the substantial content 
in the capsule is the terminal identity TM2. 

In the interworking apparatus 2, the transmitted ter- 
minal identity TM2 is stored at an address for a No.1 

45 mobile station in the PM database record 5-2a of the 
second database file 5-2 for No.1 to No.m mobile sta- 
tions whose home network is the second mobile net- 
work 1-2. Since the second mobile network IC device 31 
is visited into the first mobile network 1-1, a network 

so identity indicating this first mobile network 1-1 is also 
stored at the same address for the No.1 mobile station 
in the network identity database record 5-2c of the sec- 
ond database file 5-2. 

By using the terminal identity TM2 stored in the PM 

55 database record 5-2a as the subscriber number PMl. 
the second mobile network IC device 31 (the mobile sta- 
tion 20 with this IC device 31) can be traced in the first 
mobile network 1-1. 

As shown in Fig. 4. furthermore, a TM2 database 
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record for the subscriber number 41 in which the termi- 
nal identity TM2 is stored is transmitted from the inter- 
working apparatus 2 to the second mobile network 1-2 
using the second inter-network signaling protocol for the 
second mobile network 1-2. Thus, the terminal identity 
TM2 can be transparently transmitted between the sec- 
ond mobile network IC device 31 and the second mobile 
network 1-2. 

Fig. 5 illustrates a roaming location registration 
sequence at a roaming from the second mobile network 
1 -2 to the first mobile network 1 -1 . for realizing the func- 
tions representing in Fig. 4. 

First, in the first mobile network 1-1. the second 
mobile network IC device 31 is inserted into the mobile 
station 20 whose home network is this first mobile net- 
work (step Si) 

Then, (a) the inserted second mobile network IC 
device 31 is considered as a first mobile network IC 
device; (b) the TM database record 32 of the second 
mobile network IC device 31 is considered as a PM 
database record of the first mobile network IC device; 
(c) the TM database record 32 of the second mobile net- 
work IC device 31 is accessed to read out TM2 stored 
therein; and (d) the read out TM2 is treated as PM1 in 
the first mobile network 1-1 after that, namely. TM2 is 
stored in the PM1 database record 40 transmitted in 
accordance with the first intra/inter-network signaling 

protocol (step S2). 

A conventional roaming location registration 
sequence of the first mobile network 1-1 using the sub- 
scriber number PM1 between the network 1-1 and the 
interworking apparatus among different mobile net- 
works 2 is started (step S3). First, an "Inter -network 
Authentication Information Retrieval Request" is trans- 
mitted from the first network 1-1 to the interworking 
apparatus 2 (step S4). With this request, the PM1 data- 
base record in which TM2 is stored is transmitted to the 
interworking apparatus 2. 

In the interworking apparatus 2, (a) the transmitted 
terminal identity TM2 is stored in the PM database 
record 5-2a of the second database file 5-2 for mobile 
stations whose home network is the second mobile net- 
work 1 -2; and (b) it is revealed that the visited network is 
the first mobile network 1-1 because the "Inter-network 
Authentication information Retrieval Request" is 
received from the first mobile network 1-1. and thus a 
network identity indicating this first network 1 -1 is stored 
in the network identity database record 5-2c of the sec- 
ond database file 5-2 (step S5). 

A conventional roaming location registration 
sequence of the second mobile network 1-2 using the 
terminal identity TM2 between the interworking appara- 
tus 2 and the network 1 -2 is started (step S6). The inter- 
working apparatus 2 converts the "Inter-network 
Authentication Information Retrieval Request" already 
received from the first mobile network 1-1 into "Send 
Parameter from HLR" (step S7). This "Send Parameter 
from HLR" is transmitted from the interworking appara- 
tus 2 to the second network 1-2 (step S8). With this 



transmission, the TM2 database record in which TM2 is 
stored is transmitted to the network 1-2. The protocol 
conversion interworking device 4 performs protocol con- 
versions between the first inter-network signaling proto- 
5 col used in the first mobile network 1 -1 and the second 
inter-network signaling protocol used in the second 
mobile network 1-2. An "Authentication Parameter is 
transmitted from the second network 1-2 to the inter- 
working apparatus 2 (step S9). The interworking appa- 
10 ratus 2 converts the "Authentication Parameter 
received from the second mobile network 1-2 into an 
"Inter-network Authentication Information Retrieval 
Response" (step S10). This "Inter-network Authentica- 
tion Information Retrieval Response" is transmitted to 
, 5 the first mobile network 1-1 (step S1 1). 

Then an "User Location Registration Request" is 
transmitted from the first network 1 -1 to the interworking 
apparatus 2 (step S12). With this request, the PM1 
database record in which TM2 is stored, a RPM1 
20 (Roaming Personal Mobility 1) database record which 
represents a PM temporally assigned in accordance 
with a visited PM1 during the conventional roaming 
location registration sequence of the first mobile net- 
work 1-1 . and a location area identity of the visited net- 
25 work are transmitted to the interworking apparatus 2, 

In the interworking apparatus 2. (a) the location 
area identity of the visited network, which is defined by 
the "User Location Registration Request*, is stored in 
the location area identity database record 5-2d ol the 
30 second database file 5-2; (b) the transmitted RPM1 is 
stored in the RPM database record 5-2e of the second 
database file 5-2 (step S1 3). . 

The interworking apparatus 2 converts the User 
Location Registration Request" received from the first 
35 mobile network 1-1 into an "Update Location" (step 
S14) This "Update Location" is transmitted from the 
interworking apparatus 2 to the second network 1-2 
(step S15). With this transmission, the TM2 database 
record in which TM2 is stored is transmitted to the net- 
to work 1 -2. An "Update Location Ack" is transmitted from 
the second network 1-2 to the interworking apparatus 2 
(step S16). The interworking apparatus 2 converts the 
"Update Location Ack" received from the second mobile 
network 1-2 into an "User Location Registration 
45 Response" (step S1 7). This "User Location Registrat.on 
Response" is transmitted to the first mobile network 1-1 
(step Si 8). 

Thus, the roaming location registration sequence of 
the first mobile network 1-1 between this network 1-1 
so and the interworking apparatus 2. and also the roaming 
location registration sequence of the second mobile net- 
work 1-2 between the interworking apparatus 2 and the 
network 1-2 are completed (steps Si 9 and S20). As a 
result of the roaming location registration, the terminal 
55 identity TM2. the network identity indicating the first net- 
work 1-1 the location area identity of the visited net- 
work and the roaming subscriber number RPM1 are 
stored in the second database file 5-2 for mobile sta- 
tions whose home network is the second network 1-2. 
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Fig. 6 illustrates a call termination sequence to the 
second mobile network IC device 31 in the visited first 
mobile network 1-1, for realizing the functions repre- 
senting in Fig. 4. 

A calling subscriber located in a network such as a s 
fixed network other than the first and second mobile net- 
works 1-1 and 1-2 dials the subscriber number PM2 of 
the second mobile network IC device 31 (step S21). 
Thus, a signaling message for establishing traffic chan- 
nel IAM is transmitted from this network to the second io 
mobile network 1-2 (step S22). 

A conventional roaming subscriber call termination 
sequence of the second mobile network 1-2 between 
the network 1-2 and the interworking apparatus 2 is 
started. The protocol conversion interworking device 4 is 
in the interworking apparatus 2 executes this roaming 
subscriber call termination sequence of the second 
mobile network 1-2 (step S23). First, a "Map Provide 
Roaming Number" is transmitted from the second net- 
work 1-2 to the interworking apparatus 2 (step S24). 20 
With this request, the PM2 and TM2 are transmitted to 
the interworking apparatus 2. The interworking appara- 
tus 2 temporally assigns a roaming subscriber number 
RPM2 (Roaming Personal Mobility 2) to the received 
PM2 in accordance with the conventional roaming sub- 25 
scriber call termination sequence of the second mobile 
network 1-2, and then transmits a "Map Provide Roam- 
ing Number Ack" with RPM2 to the second network 1-2 
(step S25). Then, the signaling message for establish- 
ing traffic channel IAM(RPM2) is transmitted from the 30 
second mobile network 1-2 to the interworking appara- 
tus 2 (step S26). 

In the interworking apparatus 2, (a) a terminal iden- 
tity TM2 corresponding to the received roaming sub- 
scriber number RPM2 is detected; (b) the PM database 35 
record 5-2a of the second database file 5-2 is retrieved 
by the detected TM2; (c) the network identity database 
record 5-2c and the location area identity database 
record 5-2d of the second database file 5-2 at the same 
address as that of the TM2 are read out; (d) thus, the 40 
visited network and the location of the called second 
mobile network IC device 31 can be revealed; and (e) 
the RPM database record 5-2e of the second database 
file 5*2 is retrieved by PM1 which is in fact TM2 to read 
out a corresponding RPM1 (step S27). 45 

A conventional roaming subscriber call termination 
sequence of the first mobile network 1-1 between the 
interworking apparatus 2 and the first network 1-1 is 
started. The protocol conversion interworking device 4 
in the interworking apparatus 2 executes this roaming so 
subscriber call termination sequence of the first mobile 
network 1-1 (step S28). Then, the signaling message 
for establishing traffic channel IAM(RPM1) is transmit- 
ted from the interworking apparatus 2 to the first mobile 
network 1 -1 (step S29). 55 

After the signaling message for establishing traffic 
channel IAM is transmitted from the network of the call- 
ing subscriber to the first mobile network 1-1 , the called 
second mobile network IC device 31 is traced in the first 
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network 1 -1 . Accordingly, a traffic channel is established 
and the call termination to the roaming subscriber is 
completed (step S30). 

As aforementioned in detail, according to this 
embodiment, the terminal identity TM2 is stored in the 
PM database record for storing subscriber numbers of 
the mobile stations 5-2a of the second database file 5-2 
for mobile stations whose home network is the second 
mobile network 1-2. Thus, the called second mobile net- 
work IC device 31 which is now visiting from its home 
network 1 -2 to the first network 1 -1 using different sign- 
aling protocol as that of the home network 1-2 can be 
traced and thus roaming operations among these differ- 
ent networks can be realized. 

Fig. 7 shows a TM database record and a PM data- 
base record in a mobile station of which home network 
is a third network in an another embodiment according 
to the present invention. A terminal identity TM3 and a 
subscriber number PM3 of the third mobile network are 
stored into the TM database record and the PM data- 
base record, respectively. 

As shown in Fig. 7, the mobile station 70 has a third 
mobile network IC device 71. The IC device 71 is pro- 
vided with a TM database record 72 and a PM database 
record 73. In the TM database record 72, the terminal 
identity TM3 of the third mobile network is stored. In the 
PM database record 73, the subscriber number PM3 of 
the third mobile network is stored. The IC device 71 may 
be constituted by an IC card or by an I C chip. This IC 
device 71 may be freely removed from the mobile sta- 
tion 70 and inserted into an another mobile station or 
terminal. 

Fig. 8 illustrates functions of the interworking appa- 
ratus for roaming from the second mobile network 1-2 to 
the third mobile network 1-3 by inserting the second 
mobile network IC device 31 of the mobile station 30 
into the mobile station 70 shown in Fig. 7. 

It is supposed that the third mobile network 1-3 
requires the subscriber number PM3 and the terminal 
identity TM3 in order to trace the third mobile network IC 
device 70 and that the second mobile network 1-2 
requires the terminal identity TM2 in order to trace the 
second mobile network IC device 31 . 

The TM database record 32 of the second mobile 
network IC device 31 inserted into the mobile station 70 
is considered as the TM database record 72 of the third 
mobile network IC device 71. The PM database record 
33 of the second mobile network IC device 31 inserted 
into the mobile station 70 is considered as the PM data- 
base record 73 of the third mobile network IC device 71 . 
If a terminal identity TM2 is stored in the TM database 
record 32, this terminal identity TM2 is treated as a ter- 
minal identity TM3 in the mobile network 1-3. Also, if a 
subscriber number PM2 is stored in the PM database 
record 33, this subscriber number PM2 is treated as a 
subscriber number PM3 in the mobile network 1-3. 

In a TM3 database record for the terminal identity 
80 transmitted from the mobile station 70 to the inter- 
working apparatus 2 using a third inter-network signal - 
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ing protocol for the third mobile network 1-3, the 
■terminal identity TM2 is stored. If the TM3 database 
record 80 is called as a capsule, the substantial content 
in the capsule is the terminal identity TM2. 

In a PM3 database record tor the subscriber 
number 81 transmitted from the mobile station 70 to the 
interworking apparatus 2 using the third inter-network 
signaling protocol for the third mobile network 1-3, the 
subscriber number PM2 is stored. If the PM3 database 
record 81 is called as a capsule, the substantial content 
in the capsule is the terminal identity PM2. 

In the interworking apparatus 2, the transmitted 
subscriber number PM2 is stored at an address for a 
No.1 mobile station in the PM database record 5-2a and 
the transmitted terminal identity TM2 is stored at the 
same address in the TM database record 5-2b of the 
second database file 5-2 for No.1 to No.m mobile sta- 
tions whose home network is the second mobile net- 
work 1-2. Since the second mobile network IC device 31 
is visited into the third mobile network 1-3, a network 
identity indicating this third mobile network 1-3 is also 
stored at the same address in the network identity data- 
base record 5-2c of the second database file 5-2. 

By using the subscriber number stored in the PM 
database record 5-2a as the subscriber number PM3 
and terminal identity TM2 stored in the TM database 
record 5-2b as the terminal identity TM3. the second 
mobile network IC device 31 (the mobile station 70 with 
this IC device 31) can be traced in the third mobile net- 
work 1 -3. 

As shown in Fig. 8. furthermore, a TM2 database 
record for the subscriber number 82 in which the termi- 
nal identity TM2 is stored is transmitted from the inter- 
working apparatus 2 to the second mobile network 1-2 
using the second inter-network signaling protocol for the 
second mobile network 1-2. Thus, the terminal identity 
TM2 can be transparently transmitted between the sec- 
ond mobile network IC device 31 and the second mobile 
network 1-2. 

Fig. 9 illustrates a roaming location registration 
sequence at a roaming from the second mobile network 
1-2 to the third mobile network 1-3. for realizing the 
functions representing in Fig. 8. 

First in the third mobile network 1-3, the second 
mobile network IC device 31 is inserted into the mobile 
station 70 whose home network is this third mobile net- 
work (step S31). 

Then, (a) the inserted second mobile network IC 
device 31 is considered as a third mobile network IC 
device; (b) the TM database record 32 of the second 
mobile network IC device 31 is considered as a TTvl 
database record of the third mobile network IC device 
and the PM database record 33 of the second mobile 
network IC device 31 is considered as a PM database 
record of the third mobile network IC device; (c) the TM 
database record 32 and the PM database record 33 of 
the second mobile network IC device 31 are accessed 
to read out TM2 and PM2 respectively stored therein; 
and (d) the read out TM2 and PM2 are treated as TM3 



and PM3 in the third mobile network 1-3 respectively 
after that, and TM2 and PM2 are stored in the TM2 
database record 80 and PM2 database record 81, 
respectively, transmitted in accordance with the third 
5 intra/inter-network signaling protocol (step S32). 

A conventional roaming location registration 
sequence of the third mobile network 1-3 between the 
network 1-3 and the interworking apparatus among dif- 
ferent mobile networks 2 is started (step S33). F.rst. an 
10 "Inter-network Authentication Information Retrieval 
Request" is transmitted from the third network 1 -3 to the 
interworking apparatus 2 (step S34). With this request 
the TM3 database record in which TM2 is stored and 
the PM3 database record in which PM2 is stored are 
is transmitted to the interworking apparatus 2. 

In the interworking apparatus 2, (a) the transmitted 
subscriber number PM2 is stored in the PM database 
record 5-2a of the second database file 5-2 for mobile 
stations whose home network is the second mobile net- 
so work 1-2 and the transmitted terminal identity TM2 is 
stored in the TM database record 5-2b of the second 
database file 5-2; and (b) it is revealed that the visited 
network is the third mobile network 1-3 because the 
"Inter-network Authentication Information Retrieval 
25 Request" is received from the third mobile network 1 -3, 
and thus a network identity indicating this third network 
1-3 is stored in the network identity database record 5- 
2c of the second database file 5-2 (step S35). 

A conventional roaming location registration 
30 sequence of the second mobile network 1-2 between 
the interworking apparatus 2 and the network 1-2 is 
started (step S3-5i The interworking apparatus 2 con- 
verts the "Inter-network Authentication Information 
Retrieval Request" already received from the third- 
35 mobile network 1-3 into 'Send Parameter from HLR 
(step S37). This "Send Parameter from HLR" is trans- 
mitted from the interworking apparatus 2 to the second 
network 1-2 (step S38). With this transmission, theTM2 
database record in which TM2 is stored is transmitted to 
40 the network 1-2. The protocol conversion interworking 
device 4 performs protocol conversions between the 
third inter-network signaling protocol used in the third 
mobile network 1-3 and the second inter-network s.gn- 
aling protocol used in the second mobile network 1-2. 
45 An "Authentication Parameter" is transmitted from the 
second network 1-2 to the interworking apparatus 2 
(step S39). The interworking apparatus 2 converts the 
"Authentication Parameter" received from the second 
mobile network 1-2 into an "Inter-network Authentjca- 
50 tion Information Retrieval Response" (step S40). Th.s 
"Inter-network Authentication Information Retrieval 
Response" is transmitted to the third mobile network 1- 
3 (step S41). 

Then an "User Location Registration Request is 
55 transmitted from the third network 1 -3 to the interwork- 
ing apparatus 2 (step S42). With this request the PM3 
database record in which PM2 is stored, the TM3 data- 
base record in which TM2 is stored, a RPM3 (Roam.ng 
Personal Mobility 3) database record which represents 
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a PM temporally assigned in accordance with a visited 
PM3 during the conventional roaming location registra- 
tion sequence of the third mobile network 1-3, and a 
location area identity of the visited network are transmit- 
ted to the interworking apparatus 2. 5 

In the interworking apparatus 2, (a) the location 
area identity of the visited network, which is defined by 
the "User Location Registration Request", is stored in 
the location area identity database record 5-2d of the 
second database file 5-2; (b) the transmitted RPM3 is io 
stored in the RPM database record 5-2e of the second 
database file 5-2 (step S43). 

The interworking apparatus 2 converts the "User 
Location Registration Request" received from the third 
mobile network 1-3 into an "Update Location" (step 75 
S44). This "Update Location" is transmitted from the 
interworking apparatus 2 to the second network 1-2 
(step S45). With this transmission, the TM2 database 
record in which TM2 is stored is transmitted to the net- 
work 1-2. An "Update Location Ack" is transmitted from so 
the second network 1-2 to the interworking apparatus 2 
(step S46). The interworking apparatus 2 converts the 
"Update Location Ack" received from the second mobile 
network 1-2 into an "User Location Registration 
Response" (step S47). This "User Location Registration 25 
Response" is transmitted to the third mobile network 1- 
3 (step S48). 

Thus, the roaming location registration sequence of 
the third mobile network 1-3 between this network 1-3 
and the interworking apparatus 2, and also the roaming 30 
location registration sequence of the second mobile net- 
work 1-2 between the interworking apparatus 2 and the 
network 1-2 are completed (steps S49 and S50). As a 
result of the roaming location registration, the sub- 
scriber number PM2, the terminal identity TM2, the net- 35 
work identity indicating the third network 1-3. the 
location area identity of the visited network and the 
roaming subscriber number RPM3 are stored in the 
second database file 5-2 for mobile stations whose 
home network is the second network 1 -2. 40 

Fig. 10 illustrates a call termination sequence to the 
second mobile network IC device 31 in the visited third 
mobile network 1-3, for realizing the functions repre- 
senting in Fig. 8. 

A calling subscriber located in a network such as a 45 
fixed network other than the second and third mobile 
networks 1-2 and 1-3 dials the subscriber number PM2 
of the second mobile network IC device 31 (step S51). 
Thus, a signaling message for establishing traffic chan- 
nel I AM is transmitted from this network to the second so 
mobile network 1-2 (step S52). 

A conventional roaming subscriber call termination 
.sequence of the second mobile network 1-2 between 
the network 1-2 and the interworking apparatus 2 is 
started. The protocol conversion interworking device 4 55 
in the interworking apparatus 2 executes this roaming 
subscriber call termination sequence of the second 
mobile network 1-2 (step S53). First, a "Map Provide 
Roaming Number" is transmitted from the second net- 



work 1-2 to the interworking apparatus 2 (step S54). 
With this request, the PM2 and TM2 are transmitted to 
the interworking apparatus 2. The interworking appara- 
tus 2 temporally assigns a roaming subscriber number 
RPM2 (Roaming Personal Mobility 2) to the received 
PM2 in accordance with the conventional roaming sub- 
scriber call termination sequence of the second mobile 
network 1 -2. and then transmits a "Map Provide Roam- 
ing Number Ack" with RPM2 to the second network 1-2 
(step S55). Then, the signaling message for establish- 
ing traffic channel IAM(RPM2) is transmitted from the 
second mobile network 1 -2 to the interworking appara- 
tus 2 (step S56). 

In the interworking apparatus 2, (a) a terminal iden- 
tity TM2 corresponding to the received roaming sub- 
scriber number RPM2 is detected; (b) the PM database 
record 5-2a of the second database file 5-2 is retrieved 
by the detected TM2; (c) the network identity database 
record 5-2c and the location area identity database 
record 5-2d of the second database file 5-2 at the same 
address as that of the TM2 are read out; (d) thus, the 
visited network and the location of the called second 
mobile network IC device 31 can be revealed; and (e) 
the RPM database record 5-2e of the second database 
file 5-2 is retrieved by PM3 which is in fact PM2 to read 
out a corresponding RPM3 (step S57). 

A conventional roaming subscriber call termination 
sequence of the third mobile network 1-3 between the 
interworking apparatus 2 and the third network 1-3 is 
started. The protocol conversion interworking device 4 
in the interworking apparatus 2 executes this roaming 
subscriber call termination sequence of the third mobile 
network 1-3 (step S58). Then, the signaling message 
for establishing traffic channel IAM(RPM3) is transmit- 
ted from the interworking apparatus 2 to the third mobile 
network 1-3 (step S59). 

After the signaling message for establishing traffic 
channel I AM is transmitted from the network of the call- 
ing subscriber to the third mobile network 1 -3, the called 
second mobile network IC device 31 is traced in the 
third network 1 -3. Accordingly, a traff ic channel is estab- 
lished and the call termination to the roaming subscriber 
is completed (step S60), 

As aforementioned in detail, according to this 
embodiment, the terminal identity TM2 is stored in the 
TM database record for storing terminal identities 5-2b 
and the subscriber number PM2 is stored in the PM 
database record for storing subscriber numbers 5-2a. of 
the second database file 5-2 for mobile stations whose 
home network is the second mobile network 1-2. Thus, 
the called second mobile network IC device 31 which is 
now visiting from its home network 1-2 to the third net- 
work 1 -3 using different signaling protocol as that of the 
home network 1-2 can be traced and thus roaming 
operations among these different networks can be real- 
ized. 

Many widely different embodiments of the present 
invention may be constructed without departing from 
the spirit and scope of the present invention. It should 
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be understood that the present invention is not limited to 
the specific errtoodiments described in the specification, 
except as defined in the appended claims- 
Claims 5 

1. An interworking apparatus for roaming among a 
plurality of mobile networks having different inter- 
network signaling protocols, said apparatus con- 
nected to said plurality of mobile networks compns- 10 
ing: 

means for holding network identity information 
for identifying a mobile network visited by at 
least a mobile user to be traced. 15 

2. The apparatus as claimed in claim 1 , wherein said 
apparatus further comprises means for holding 
location area identity information for identifying a 
location area of the mobile user in the visited mobile 
network. 



20 



3. An interworking apparatus for roaming among a 
plurality of mobile networks having different inter- 
network signaling protocols, said plurality of mobile 
networks including a first mobile network having a 
first inter-network signaling protocol which uses a 
subscriber number PM1 for identifying a subscriber 
and a terminal identity TM1 for identifying a termi- 
nal, and a second mobile network having a second 
inter-network signaling protocol which is different 
from said first inter-network signaling protocol and 
uses a terminal identity TM2 for identifying a termi- 
nal, said apparatus connected to said first and sec- 
ond mobile networks comprising: 

subscriber number storage means for holding 

the subscriber number PM1 ; and 

means for storing the terminal identity TM2 of a 

mobile user visiting from said second mobile 

network to said first mobile network into said 

subscriber number storage means, 

said visiting mobile user being traced in said 

first mobile network by using said terminal 

identity TM2 stored in said subscriber number 

storage means. 



25 



30 



35 



40 



45 



plurality of mobile networks having different inter- 
network signaling protocols, said plurality of mobile 
. networks including a second mobile network having 
a second inter-network signaling protocol which 
uses a subscriber number PM2 for identifying a 
subscriber and a terminal identity TM2 for identify- 
ing a terminal, and a third mobile network having a 
third inter-network signaling protocol which is differ- 
ent from said second inter-network signaling proto- 
col and uses a subscriber number PM3 for 
identifying a subscriber and a terminal identity TM3 
for identifying a terminal, said apparatus connected 
to said second and third mobile networks compris- 
ing: 

subscriber number storage means for holding 
the subscriber number PM3; 
terminal identity storage means for holding the 
terminal identity TM3; 

means for storing the subscriber number PM2 
of a mobile user visiting from said second 
mobile network to said third mobile network 
into said subscriber number storage means; 
and 

means for storing the terminal identity TM2 of 
said visiting mobile user into said terminal iden- 
tity storage means, 

said visiting mobile user being traced in said 
third mobile network by using said subscriber 
number PM2 stored in said subscriber number 
storage means and said terminal identity TM2 
stored in said terminal identity storage means. 

\ The apparatus as claimed in claim 6, wherein said 
apparatus further comprises means for holding net- 
work identity information for identifying the visited 
mobile network. 

The apparatus as claimed in claim 6, wherein said 
apparatus further comprises means for holding 
location area identity information for identifying a 
location area of the mobile user in the visited mobile 
network. 



8. 



4. The apparatus as claimed in claim 3, wherein said 
apparatus further comprises means for holding net- 
work identity information for identifying the visited so 
mobile network. 

5. The apparatus as claimed in claim 3. wherein said 
apparatus further comprises means for holding 
location area identity information for identifying a 55 
location area of the mobile user in the visited mobile 
network. 

6. An interworking apparatus for roaming among a 
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